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(54) CERAMIC DIELECTRIC SUBSTANCE AND ITS PRODUCTION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a ceramic dielectric substance not containing expensive rare earth 
element, and having a high dielectric constant and a high Q-value, and further to provide a method for 
producing the ceramic dielectric substance. 

SOLUTION: This ceramic dielectric substance is (1) the one having a composition of (Sr1-xCax)4Ti3O10 
[with the proviso that 0<(x)<0.5] and a tetragonal Sr4Ti3O10 type crystal structure, or (2) the one having a 
composition of (Sr1-xCax)3Ti207 [with the proviso that 0<(x)<0.5] and a tetragonal Sr3Ti207 type crystal 
structure. The substance is produced by mixing each of at least one kind of oxide, chloride, nitrate, oxalate 
and carbonate of Ca, Sr and Ti respectively so as to form the composition of (1) or (2), and keeping the 
obtained mixture within a temperature region of >1200°C for >1 hr. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention relates to dielectric materials used for the dielectric resonator filter etc. 
which are used for communication using microwave or dielectric materials used as a substrate of the filter of 
microstrip structure or strip structure, and a manufacturing method for the same. 
[0002] 

[Description of the Prior Art]The dielectric materials made from porcelain (ceramics) are well used as 
materials for electronic parts, such as substrates of the filter of microstrip structure or strip structure, such as 
a dielectric resonator filter used for communication using microwave. In these dielectric materials, it is 
required that a dielectric constant should be large and dielectric loss (1/Q) should be small (namely, Q value 
is large). It is because the miniaturization of electronic parts, such as a filter, will become easy if a dielectric 
constant is large. 

[0003] Nd 2 Ti0 3 is known [ specific inductive capacity ] or more for 60 for fQ value as not less 
' a l-x ' 

than 6000-GHz dielectric materials. However, since an expensive rare earth element is used for these 
dielectric materials, they have the fault of becoming a high cost. 

[0004]On the other hand, although SrTi0 3 and CaTi0 3 are known as a material of the high permittivity which 

does not use a rare earth element, fQ value is as small as 2000 GHz and about 5000 GHz respectively. 
[0005] 

[Problem(s) to be Solved by the lnvention]This invention was made in view of such a situation, and an object 
not using an expensive rare earth element of this invention is to have high permittivity and to provide a 
ceramic dielectric material with high fQ value, and a manufacturing method for the same. 
[0006] 

[Means for Solving the Problem]ln order to attain the above-mentioned purpose, as a result of repeating 
examination, this invention person is a compound which consists of four elements of Sr, Ca, Ti, and O 
(oxygen), does the knowledge of that by which a ratio of Sr to Ca fulfills predetermined conditions having 
high permittivity and high Q value, and came to make this invention. 

[0007]A gist of this invention is in the following ceramic dielectric materials (invention of (1) and (2)), and 
those manufacturing methods (invention of (3) and (4)). 

[0008](1) A ceramic dielectric material expressing a presentation with 4 (Sr 1 x Ca x ) Ti 3 0 1Q (however, 
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0<=x<=0.5), and having a tetragonal Sr 4 Ti 3 0 1Q type crystal structure. 

[0009](2) A ceramic dielectric material expressing a presentation with (Sr Ca ) Ti O (however, 

O 1 "X X L- I 

0<=x<=0.5), and having a tetragonal Sr 3 Ti 2 0_, type crystal structure. 

[0010]About each of Ca, Sr, and Ti, (3) The oxide, a chloride, At least one sort of powder of a nitrate, an 
oxalate, and the carbonation things, A manufacturing method of a ceramic dielectric material given in the 
above (1) mixing so that a ratio of said metallic element may enter within the limits of a ratio of these metallic 
elements in a presentation indicated above (1), and holding in a not less than 1200 ** temperature region for 
1 hour or more. 

[001 1]About each of Ca, Sr, and Ti, (4) The oxide, a chloride, At least one sort of powder of a nitrate, an 
oxalate, and the carbonation things, A manufacturing method of a ceramic dielectric material given in the 
above (2) mixing so that a ratio of said metallic element may enter within the limits of a ratio of these metallic 
elements in a presentation indicated above (2), and holding in a not less than 1200 ** temperature region for 
1 hour or more. 
[0012] 

[Embodiment of the lnvention]Hereafter, this invention (above (1) invention of - (4)) is explained in detail. 
[0013]The invention of the above (1) is a ceramic dielectric material which a presentation is expressed with 

(Sr 1 x Ca x ) Ti 3 0 1Q (however, 0<=x<=0.5), and has a Sr 4 Ti 3 0 1Q type crystal structure. If x exceeds 0.5, 

dielectric loss becomes large and the reason which limits x to 0.5 (0 is included) or less is not suitable [ fQ 
value is smaller than 6000 GHz, therefore ] as a microwave filter material. When things other than a 
Sr 4 Ti 3 0 1Q type crystal structure are contained, (Sr^Ca^ It becomes a mixture of the compound of not only 

4 Ti 3°lO ( however ' 0<=x<=0.5) but a variety, and the good thing of dielectric characteristics is not obtained. 

[0014]The invention of the above (2) is a ceramic dielectric material which a presentation is expressed with 3 

(Sr 1x Ca x ) Ti 2 0 7 (however, 0<=x<=0.5), and has a Sr 3 Ti 2 0 7 type crystal structure. It is because fQ value is 

smaller than 6000 GHz, it becomes large to limit x to 0.5 (0 is included) or less and its dielectric loss is 
unsuitable as a microwave filter material, if x exceeds 0.5 similarly in the invention of (1). When things other 
than a Sr 3 Ti 2 0 7 type crystal structure are similarly contained in the invention of (1), (Sr 1 x Ca x ) It becomes a 

mixture of the compound of not only 3 Ti 2 0 7 (however, 0<=x<=0.5) but a variety, and the good thing of 

dielectric characteristics is not obtained too. 

[0015]The above (1) and the ceramic dielectric material of (2) have high permittivity, and their fQ value is 
high, and they are preferred as a microwave filter material. 

[0016]The above (3) and the invention of (4) are a manufacturing method of the dielectric materials of (1), 
and a manufacturing method of the dielectric materials of (2), respectively. 

[0017]ln the method of (3), the powder of the compound of Ca, Sr, and Ti, The presentation the ratio of 
these metallic elements is indicated to be above (1), i.e. (Sr 1 x Ca x ), 4 Ti 3 0 1Q , Mix so that it may enter within 

the limits of the ratio of these metallic elements in (0<=x<=0.5 [ however, ]), and hold for 1 hour or more, and 
it is made to react in a not less than 1200 ** temperature region, and is considered as a sintered compact. 
[001 8]lt is because only material with small fQ value is obtained at a temperature lower than 1200 ** as 
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limiting sintering temperature to not less than 1200 ** is shown in the example mentioned later. Although a 
maximum in particular is not limited, even if it exceeds 1400 **, since it hardly changes but a manufacturing 
cost only increases, it is preferred [ fQ value ] to consider it as 1400 **. 

[0019]Since sintering does not fully advance, a precise material is not obtained, unless it fills in 1 hour and a 
dielectric constant becomes small, sintering time is made into 1 hours or more. Although a maximum in 
particular is not limited, since most improvement in the characteristic is not found even if it heats for 10 
hours or more, it is preferred to consider it as 10 hours. 

[0020]As a compound of Ca, Sr, and Ti, each metaled oxide, chloride, nitrate, oxalate, or carbonation thing 
of these can be used. What is necessary is just to use one sort of these compounds, or two sorts or more 
also about which metal. 

[0021]Suppose that it is powdered when using it. Although powdered particle diameter in particular is not 
limited, when sintering treatment is performed at a next process, a sintering reaction should just be the 
particle diameter which is a grade which fully advances in at least 1 hour. Desirable particle diameter is 3 
micrometers or less. 

[0022]ln the method of (4), in the method of (3), similarly the powder of the compound of Ca, Sr, and Ti, The 
presentation the ratio of these metallic elements is indicated to be above (2), i.e. (Sr Ca ), Ti O Mix so 

\ ~X X o Z. f 

that it may enter within the limits of the ratio of these metallic elements in (0<=x<=0.5 [ however, ]), and hold 
for 1 hour or more, and it is made to react in a not less than 1200 ** temperature region, and is considered 
as a sintered compact. 

[0023]ln the method of (4), the desirable upper limit and reason of the reason for making sintering 
temperature not less than 1200 **, and making sintering time into 1 hours or more and sintering 
temperature, and sintering time are the same as the case of the method of (3) mentioned above. 
[0024]As a compound of Ca, Sr, and Ti, each metaled oxide, chloride, nitrate, oxalate, or carbonation thing 
of these can be similarly used in the method of (3). What is necessary is just to use one sort of these 
compounds, or two sorts or more also about which metal. It is the same as the case of the method of (3) to 
suppose that it is powdered when using it. 

[0025]According to these (3) and the method of (4), it is above (1) and the high permittivity of (2), and the 

ceramic dielectric material of high Q value can be manufactured easily. 

[0026] 

[Example] 

(Example 1 ) The ratio of these metallic elements [ in / for SrC0 3 , Ti0 2 , and CaC0 3 / in the ratio of a metallic 
element / (Sr Ca ) Ti O ]. After having mixed so that however, x might become (having made it change 

4 I — X X O I u 

within the limits of 0-0.7), and holding at 1000 ** with an electric furnace for 1 hour, it ground and mixed and 
operated orthopedically on the cylindrical pellet with a diameter of 30 mm and a height of 20 mm, and with 
the electric furnace, it held at 1400 ** for 1 hour, and sintered at it. 

[0027]The dielectric constant and Q value of the sintered compact (sample) which were obtained were 
measured using network analyzer HP8510. 
[0028]A result is shown in Table 1. 

[0029]lt decreased somewhat as x of specific inductive capacity increased, so that clearly from this result, 
but when x was 0.5 or less, the high value exceeding 90 was obtained. fQ value is the highest when x is 0.2, 
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and in 0<=x<=0.5, the high value of not less than 6000 GHz was obtained. 

[0030] Drawing 1 is a figure showing the sintering temperature about (Sr Ca ) Ti O and the relation of 

4 i — x x o i \j 

Q value (it displays with fQ value). Namely, the ratio of these metallic elements [ in / for SrCOg, Ti0 2 , and 

CaC0 3 / in the ratio of a metallic element / 4 (Sr 1 x Ca x ) Ti 3 0 1Q ]. After mixing so that it may be set to (x= 0.4 

or x= 0.1), and carrying out temporary quenching at 1 100 ** for 1 hour, it grinds and mixes and operates 
orthopedically like the above. [ however, ] 

Then, it is the result of measuring the Q value of the sintered compact obtained by changing sintering 

temperature in 1 100-1600 **, and sintering it. 

In the case of x= 0.4, O seal of - seal in a figure is a case of x= 0.1. 

[0031 ]As shown in this figure, in any [ of x= 0.4 and x= 0.1 ] case, the high value of not less than 6000 GHz 
was obtained for fQ value in a not less than 1200 ** temperature region. Even if sintering temperature 
exceeds 1400 **, fQ value hardly changes. Therefore, as for the maximum of sintering temperature, it is 
preferred to consider it as 1400 **. 
[0032] 
[Table 1] 
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[0033](Example 2) The ratio of these metallic elements [ in / for SrC0 3 , Ti0 2 , and CaCOg / in the ratio of a 
metallic element / (Sr Ca ) Ti O ]. After having mixed so that however, x might become (having made it 

O 1 ~X X z_ ( 

change within the limits of 0-0.7), and holding at 1 000 ** with an electric furnace for 1 hour, operated 
orthopedically on the cylindrical pellet with a diameter of 30 mm and a height of 20 mm, and hold at 1400 ** 
for 1 hour, and it was made to grind and mix and to react to it with an electric furnace, and sintered. 
[0034]The dielectric constant and Q value of the sintered compact (sample) which were obtained were 
measured using network analyzer HP8510. 
[0035]A result is shown in Table 2. 

[0036]lt decreased somewhat as x of a dielectric constant increased, so that clearly from this result, but 
when x was 0.5 or less, the high value exceeding 60 was obtained. fQ value is the highest when x is 0.2, 
and in 0<=x<=0.5, the high value of not less than 6000 GHz was obtained. 

[0037]Drawing 2 is a figure showing the sintering temperature about (Sr Ca ) Ti O , and the relation of Q 
value (it displays with fQ value). Namely, the ratio of these metallic elements [ in / for SrC0 3 , Ti0 2 , and 
CaCO^ / in the ratio of a metallic element / (Sr Ca ) Ti O ]. After mixing so that it may be set to (x= 0.4 

o O 1 ~X X £ ( 
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or x= 0.1), and carrying out temporary quenching at 1 100 ** for 1 hour, it grinds and mixes and operates 
orthopedically like the above. [ however, ] 

Then, it is the result of measuring the Q value of the sintered compact obtained by changing sintering 

temperature in 1 100-1600 **, and sintering it. 

In the case of x= 0.4, O seal of - seal in a figure is a case of x= 0.1. 

[0038]As shown in this figure, in any [ of x= 0.4 and x= 0.1 ] case, the high value of not less than 6000 GHz 
was obtained for fQ value in a not less than 1200 ** temperature region. Even if sintering temperature 
exceeds 1400 **, fQ value hardly changes. Therefore, as for the maximum of sintering temperature, it is 
preferred to consider it as 1400 **. 
[0039] 
[Table 2] 
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[0040] 

[Effect of the lnvention]An expensive rare earth element is not contained but it has high permittivity, and the 
ceramic dielectric material of this invention has high Q value, and it is preferred for it as charges of 
electronic-parts material, such as a filter. This material can be easily manufactured by this invention method. 
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CLAIMS 

[Claim(s)] 

[Claim 1]A ceramic dielectric material expressing a presentation with 4 (Sr 1 x Ca x ) Ti 3 0 1Q (however, 
0<=x<=0.5), and having a tetragonal Sr 4 Ti 3 0 1Q type crystal structure. 

[Claim 2]A ceramic dielectric material expressing a presentation with (Sr Ca ) Ti O (however, 
0<=x<=0.5), and having a tetragonal Sr 3 Ti 2 0_, type crystal structure. 

[Claim 3]About each of Ca, Sr, and Ti, the oxide, a chloride, a nitrate, At least one sort of powder of an 
oxalate and the carbonation things is mixed so that a ratio of said metallic element may enter within the 
limits of a ratio of these metallic elements in a presentation indicated to claim 1, A manufacturing method of 
the ceramic dielectric material according to claim 1 holding in a not less than 1200 ** temperature region for 
1 hour or more. 

[Claim 4]About each of Ca, Sr, and Ti, the oxide, a chloride, a nitrate, At least one sort of powder of an 
oxalate and the carbonation things is mixed so that a ratio of said metallic element may enter within the 
limits of a ratio of these metallic elements in a presentation indicated to claim 2, A manufacturing method of 
the ceramic dielectric material according to claim 2 holding in a not less than 1200 ** temperature region for 
1 hour or more. 



[Translation done.] 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejj 9/16/08 



(i9>B#a#imf (jp) 02) ^St 13 ^ $g (a) (ummmm&mmn 

#|HW10 -330157 

(43)£fBSB sp^lO^ (1998)12^150 



(51)IntCL 6 




F I 


C 0 4 B 35/46 




C 0 4 B 35/46 E 


HO IB 3/12 


3 2 6 


HO IB 3/12 3 2 6 


HO IP 1/20 




H 0 1 P 1/20 


7/10 




7/10 






*tf5fc »*«<^ft4 OL 5 H) 


(21)ffl«t#^ 


*fH¥9- 141307 


(71) HiJijgA 000002118 








(22)miBB 


¥^9^(1997) 5^30 0 


^K^KTp**ratS4Te 5 #33-^ 
























(74)«sa « mm 



(54) *93y*xi«fwtms*r«©»ft&ts 



(57) [ffft] 

Q flb^iCV ^5S7? XSKttttft <VM 

ifm^m < i ) m.m- ( s n-. c a K > 4 t i 8 

Oio (fcfc'U O^xSO. 5) T^Sil. I^rJItSr 

4 Ti 3 oi*wmghffimz3i~?&*:7$-y7xmmmi 

(2)«4 J (Sn- I Ca, ) 3 Tiz O7 
**U OixSO. 5 ) T'^ix, IE^iFhS r 3 Ti 2 

(3) isfx^cOW^fi:. Ca, S r&it/T i <7)^;fv?' 

S3 it/MK'ft;^ 5 *>cO^ < k t> 1 «<7)^*2r ( 1 ) 
4fct4 ( 2 ) «»l£*^£>iX& i O t»£-U 120 
0\y^«9iI*«T 1 BWBeLhfi^W-* Z b J: 0 Pit 



( 2 ) 

1 

[«flFi*#<0«H] 

[lt*IB 1 ] fflf&tf (Sri-, C a, ) 4 T i 3 O 

Tis Oio§^ H B B m>t£^S3k&^©k^S-fe5$ 

[f#*Il2] ffifRA* ( S n-, Ca, > 3 Ti 2 O7 
(fcrtfU OSxSO. 5) T'H^fL. lEfr&Srs T 

[If3f<ll3] Ca, S rtJil/'T i ^ft^iXtCO V> 10 

iWBHl^a %^«r< k € l a«ol»*£ . mrte^STc* 
agcOJt^SSHrtte AS J: 0 t,zm& U 1 2 0 0 °C£LkC3 

i§jg.®~e 1 u$ram±f*st-i> - k k-r*M*ffl 1 

[ff*Il4 ]Ca. S r^it>'T i £9**ve*U;r-PV-> 
SM»0 5 *>o^-^ < k i> 1 „ mrlBAMTC* 

mcoitco&mmz as <£ 5 tii-s- l , 1200 °ca±.cr> 
sowc 1 nasiGUifitjw-* - fc Sr^fisfc -ts>m^m2 

COOOl] 

^Xl J >yTJfit<7)7-r/t'?— OKBtk LTffiffi^ih-S 

»WWm. fiiV-tioreB^tBM-*. 30 

[0 0 0 2] 

Tffipt^X h U -y TffiMCD 7 <JV? -cr>mB& k" , V? 

mshmcommt lx , am ( ^ 5 >y ? * > sous** 

tt. IW*W*S<, iWflt* ( l/Q) *vh$v»^k 

££S#>£>T*S. 40 
[00 03] JtPfl:^ 6 0 ELht\ f Qffl* 5 60 00 
GHz£A±«!S*flcW^kLT. (Cai-, Nd, ) 
2/(x + 2) TiOs A^feftTUS. L.#»U >l<7)i^m#: 

kv^^^So 

[0004] — 3r, #±li7c*^fflv^v^iSiSfl:*<?)« 

f4t UliSrT i O3 WaTiOs #%£>flT^S 
tf. f Q<l{±-f-tl-?n2 0 0 OGHzfc it/ 5 0 0 OG 
Hzgj£k/h3V> 0 

[00 0 5] 50 



WIBT 10-330157 

2 

* L , i>of Qfif^U-b 5 S >y ^ XPtttt 

sra, a x vz<vwmjjmzm&~t& zt& smt lx 

[0 0 06] 

*»{fe^-&fcft«!l**Sia3tfe*. Sr. Ca. Tifc 
itfO (IglR) <^4^*#^&S^^T*$>--5T. Sr 

k c a coittfmfew&tt- zmti-t h cotfmmnm. & ± 

£/i«Q«£*-rs £k£toit.U *5BB**-*-KMo 

[0007] *SHHtf>Hgli, TIB»-fe9 s <? 
ticfcffi ( ( l ) tsiV ( 2 ) ^bj§) . Sr^t/K^iife 
»»Jt*?S ( ( 3 ) is it/ ( 4 ) «?WB) Cc*S . 

[0008] ( 1 ) ffl.S8.tf ( S r i -x C ax ) 4 Tis 
Oio (fcaeU OSxSO. 5) T^S^t. iE*B B H Sr 

4 Ti 3 Oio^fttfB^*-ri.ik^#^k-rs-fe5 

[0009] ( 2 ) fflJjJt;^ ( S r i-x Ca, ) s T i 2 
O7 (tztzL. O^xSO. 5 ) TmZtl. JEJfihS r 

3 Ti 2 o 7 m^ B %mm^^&zt^wmt^-^y 

[0010] (3) Ca, SrfcitfTi CO^iX^'MZ 

7ESgWjt^±IB ( 1 ) tffittS*L4»ftt=tJ»t-6i*i6 
#)g7U*C0l:tcOiEffll*l AS «t -5 fcffi^ t . 1 2 0 0 °C 
J3LhOia««T' 1 B«BJa±fiB«-« - k ZmffiLk~t&± 
IB ( 1 ) tEtt<0*5 5 -y^XMm#:W««gjt*ffio 
[0011] (4) Ca s Sr&&XSTi<D%tl?tllZ 

out. zcowattM. mm. mm. ^^muax 

TcKOjrb^JilB (2) tIB«$ixSfflJj!cti3ftSi^^ 
^JRTcSOibOfEHl*! t AS i 5 L . 1 2 0 0 °C 
liLhWiagtST- 1 l^fiWSLhfia*^-* £ k &#^k^S± 
IB ( 2 ) {ClB«£<7)-fe7 5 v^XilMSWSMffi. 
[0012] 

[^Bg^sfe^ffi] ot, (±ib ( 1 ) ~ 
(4 ) co^ej) ^pt<iiBj-rs 0 

[0013] ±|B ( 1 ) cr>?mii. m&tf ( S n-x C 
a x )4 Tis Oio itztzL. OSxSO. 5 ) Tfl£ 
#1. Sn Tis OiolSieSfiKtSr^rS-fe^S v^X 
BtMfit* So x S- 0 . 5 1ST ( 0 Sr-^tf ) tRS 
-TSilEijJi, x^'O. 5 2r^^Sk. fQffi^'60 0 0 

Sn T i 3 OioM^H H a mjSiy^c7)t(7)^-ir 
^tlS*t^rf±. (Sn-x Ca, ) 4 Tis Oio (tztf 

l. osxso. 5) o/vc(i^<. &mcoit&®<?>m. 



( 3 ) 

3 

iamb**). B»Wtt<3±^fcOti»6#t$:i\, 
[ 0 0 1 4 ] ±E ( 2 ) tf53SHJK±, fflf£j&« (Sri-, C 
a x ) 3 Ti 2 O? (Jt?t*L, O^xgO. 5)T^S 
fl. Sn Th O7 S*S B H Hffim5r^rt--g.-fe5 5 -y^X 

smmm-ci> & . x 1 0 . 5 ot ( 0 *-*tr > t=«s 

( 1 ) ^WfltefettifcH*. x#0. 5£ 
iHii k , f Q***6 000GHziD'h?<, ItMi 
"3, ?^o«7^^-Wfii: LTii:^ 
jaa/Jj^^TfcS. Srfc, ( 1 ) cnW^zHWhhm 

sn Ti 2 o 7 aasft«BtJs«i^>fco*«*4*ts 10 

(Sn-, Ca s )a Ti 2 O7 (fc£U 0 

Sxso. 5 ) co^-m^K , ^m^t^WM^h. 
[0 0 1 5] _htE ( 1 ) fciV (2) O-fe^S >y?*SS 

[ 0 0 1 6 ] ±ie ( 3 ) *j ±1* ( 4 ) ofWBi. *ti* 
tui) mvmmm^ms^m. a < 2 > 

[0 0 17] (3) ^Stfe^til Ca, Srfci 20 

( 1 ) tia©3fL-6ffll£, -T^^ ( S n-i Ca, ) 
( Ti 3 On (ftft'U OSx^O. 5 HcfcW-Sitl 
£>&«7C*wJfc734EHi*!fc:A.i> «t -5 fc»-£-U 12 0 0 

[0018] 120 O'CJSLhtRB^f^cO 

ii. «3aW4SISt«(=5?r J: a 1 2 0 0°C J: Offiu 

S. iPKiWt-Rl^L^Vi^, 1 4 0 0°C2ri@xT& f 30 

T". 1 4 0 0'Ci;-f-S«0* J jffi U\ 

[0019] «Bi l «IBte«fc*v^«BS*«+ 

S<4*OT, lB#P B 11ilJifc^-S 0 ±RW±»tR|£Li 
^36*. 1 OB#Slil±Ju#ftLTi>^tt«l*I±(±(ii:Ai:^ 

[0 0 2 0] Ca. S riSit/T i OfbS^i LTSi. 

[00 2 1 ] =Srii, ffifflOHLTii, »5|5Ri:r4. » 
TT"£> S «, 

[0 0 2 2] ( 4 ) CJXtr&fctiVvCti, (3)<0^(- 
$3tt4i: Ca. Srfciy'Ti^M* 

* . ^a^#JR7C*£OJt^'±E ( 2 ) tCie«£$^l»ffl 50 
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4 

U OSx^O. 5) t^(tS l IixA.^:«7t;«<5 r )J:tcOlE 

Hr*itcA£ <£ a l, 1200 °cm±«iajgteg-c 1 

[0 0 23] (4) OXStfcfctJWr. ^fSS^l 2 0 

li, ±3*Lte <3) OM««^^tt*^. 
[0 0 24] Ca, SrfcJ^'TiO-fb^ftkL 

Ti±. (3 ) <?X^£i3lt-l.fc|Blfit ift^-Hv?*^ 

^. =flr*5, ffiffl(«LTm*«t^-S^«. (3) <0~H 

[0 02 5] Zilt, (3) (4) <7)^rStC±iX 

if. WBito ( 1 ) tiilM 2 ) cD*iSiW?\ *^IQ 

[0026] 

[SltftM] 

(HSfiffll) SrCOs . TiOi feMCaCOs £ 
#JK7U^it* J ( S ri-i Ca, ) 4 Ti 3 Oio(~*3(t 

hztL^mjumcott (fztzL. x(±o— o. 7comm 

pVCSEtoS-frfc ) {;=5:S J: 3 J=ffl-#L» 1 0 0 

OTXllSlgfflWLfcft, IIM3 0m 

MPT1 4 0 0°C(C 1 eiBfia*LTffl»tfc. 
[0027] flteftftg&Krtt (MW) i^'Q 
ffl^^-y b7-^7t7-ff-HP8 5 1 OSrfflV^TlM 

[0028] feR*^ 1 tC^-T. 

[0029] zvMSkfrbWblrti:* o ibism^ii 
x ofCT ^-^-ig^- L Jt ^" . x *s 0 . 5 OT« fc 

&(cli, 9 0*jB^4WV^B36*»<i>*ut. 4)t, f QfB 
ii. x^'O. 2«t#ftffi-C'. OSxSO. 5C7)^HT 
ii6000GH zm±<7)ffiV^ffl*i#^n.3t<, 

[0030] illl (Sri-x Ca, )i Tig Oio 

^"HT'S>^<, -T^-fe. SrCOs . Ti0 2 fcit/C 
aCOs ^^M7vM<OitiP ( S ri-, Ca, )* Tis 
Oio^fc{tSitL^^Jl7C*«Oj:t (JtJt'L. x = 0. 
4. 47t(ix = 0. 1 ) tc^r^ i oizm&L^ 1100 

fl?L. ^<7)f^:. ^S?m2r 1100—160 O-CcOfEH 

T"$>So ^fc. IM4'O«E|J(ix=0. 4co^. OEPii 
x = 0. 1 a^^X'h h . 

[003 1 ] ZCDMlZTF^tlZ) j; o x=0. 4. x 
= 0 . 1 <7H ^tl<7)*-^ i, . 1 2 0 0 "CjyjiiO&ffiiS 



( 

5 

X\ f Qmtfi 6 0 0 0GHz JJLbZW fifc , 

fcTSBftLSrV^o Lfcj^oT. «BBMO_tBBi 1 4 0 0 

[0 0 3 2] 
[*1 ] 

a i 



X 




m&m. f 

(GHz) 


fQI 
(GHz) 


0 


180 


2.7 


6500 


0. 1 


170 


2.6 


8000 


0.2 


155 


3.4 


8500 


0.3 


130 


2.8 


8000 


0.4 


100 


3.5 


7000 


0.5 


94 


3.5 


6000 


0.6 


90 


3.6 


5000 


0.7 


60 


4.2 


1000 



[0 0 3 3] SrCOa , T i 0 2 fcitf 

CaCOs S"AW7C*<Oft;3& J ( S ri-x C ax >3 Ti 

0. 7^«HWe3EftS*fc) tcSr&i^^U * 
«PC 1 0 0 0°CtC 1 B9HlfiH#Lfc«L iR-nb. 
SJg#*3 Ommt, SS^2 0mm^p]I«^l/7 N 
CS9#U 4 0 OtC 1 «Wfia#LTEjeS 

it. «BSUfco 

[00 34] »6*ut«BB* (KW) *>8«¥i5 ±tfQ 
y hV-^T^-flf-HPS 5 1 0£ffl^T8'J 

[0 0 3 5] JS*^2K^o 

[0 0 3 6] ^^JgS^^BH^^J: 5 I^m^iix 

fcfi. 6 0*jHi4WvvB3&*ft^fc o Sfc, fQI 
ti. xtfo. 2cob^MM^\ O^x^o. 5COSBSRV 

[0 0 3 7] H2ii. (Sri-x C ax ) 3 Ti 2 Ov 

t@tJ)l» 0 t^W, SrCOs . T i O2 jSit/C 
aCOs ^AJKTC^COJt^ ( Sri-i C ax )s Ti 2 
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6 

O7 Kfeft-&«*tLfe^JBjaR^Jt (fctffU x = 0. 
4. £fcJ4x = 0. 1 ) t=5rS± -3te»£U 1100 

ft, -£<Z)fiL SSBaaSS: 1 1 0 0—1 60 0°C^*eH 

tM, =Sr*5. H+tf>«5(ix=0. 4«0*&. OEPJ3 
x = 0. 1^%^T*£>S 0 

[0 0 38] coElfcrSSfiS J; 3 te:. x=0. 4. x 
= 0 . 1 <A \ vffuO»-& fc . 1 2 0 0 6 CH±^SI1 
10 T\ f Qtts&s 6 0 0 0GHz JJLhCOfiC Hi**#£>:hJfc 0 
«teffl«3&*14 OOr^jBiTfcf Q^B^itii:^ 
ifSWfcb*:^. U^oT, miflJS^±PS« 14 0 0 

[0039] 
[*2] 

a 2 



20 



X 


JfcWt* 




fQI 






(GHz) 


(GHz) 


0 


65 


4.5 


20000 


0.1 


65 


4.5 


23000 


0.2 


64 


4.5 


30000 


0.3 


63 


4 A 


10000 


0.4 


63 


4.3 


7000 


0,5 


62 


4.3 


6000 


0.6 


60 


4.3 


5000 


0.7 


60 


4.3 


1000 



[0040] 

[HI ] (Sri-, Ca, ) 4 Ti 3 Oio(~OlvC<7)8| 
[02] (Sri-, C a x )a Tiz O? t-O^TCOfflE 



(5) 



WgHT 10-330157 
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10000 



1000 1100 1200 1300 1400 1500 1600 
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8000 ■ 
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6000 
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4000 ■ 
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C|_! 


2000 ■ 




0 - 




1000 1100 1200 130.0 1400 1500 1600 
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